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INTRODUCTION 
One of the most important factors determining the properties of composite 
materials is the fiber-matrix interface. The material on either side of the interface may 
have large differences in mechanical properties which could leave the interface 
vulnerable to microcrack initiation during loading. Since this may lead to catastrophic 
failure of the composite, it is essential to understand the mechanical behavior of the fiber-
matix interfaces at a microscopic level. It has been observed that in many cases the 
interface is not discontinuous, but rather forms a continuum of three dimensional 
interphases wherein the material properties vary gradually over a distance of a few 
microns. Such interphases have been observed using both electron and acoustic 
microscopies. The variation of elastic properties in this interphasial region is found to 
playa dominant role in determining the mechanical properties of the system. 
Scanning acoustic microscopy (SAM) is a powerful tool for the microscopic 
nondestructive evaluation of materials. It can be used quite effectively to measure the 
elastic properties on microscopic scales and can be applied advantageously to the study of 
the elastic property variations in the interphasial region of fiber-matrix interfaces. 
Conventional SAM utilizes a single acoustic lens and a piezoelectric transducer bonded 
to the flat back surface of the lens rod. The opposite end has a spherical curvature. The 
specimen is placed just below this end with a drop of water sandwiched between the lens 
and sample. Acoustic plane waves generated by the transducer are brought to focus on 
the specimen. The wave reflected from the specimen returns to the transducer through 
the lens and is electronically processed. The processed signal is diplayed on the z-axis of 
the monitor screen while raster scanning the lens/sample to form the acoustic image. It 
has been established that the contrast in this form of imaging is due primarily to the 
amplitude of the reflected acoustic signal and to any contribution to the reflected signal 
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resulting from the surface wave, whenever conditions favor wave propagation on the 
specimen surface. In conventional SAM phase information is lost. However, several 
novel techniques have been employed with a some success to get phase information [1-4] 
Nikoonahad et al. [4] proposed a dual beam scanning acoustic microscope (DBSAM) to 
obtain both phase and amplitude information with enhanced image contrast. The images 
were obtained with low frequency lenses of 10 and 50 MHz [4 - 6]. Seeking to achieve 
optical resolution, recently Bio-Imaging Research has developed a DBSAM operating 
with a frequency near 1 GHz with a resolution close to 1 Ilm. 
PRINCIPLES OF DBSAM OPERATION 
Nikoonahad et al. [4,6] have dealt with the theory and operation of DBSAM in 
some detail. We briefly summarize here the basic principles of DB SAM operation. 
Figure 1. shows the dual beam lens. The back of the lens rod consists of two tilted 
surfaces, the tilt angle of which is very small. Onto these surfaces two zinc oxide 
transducers are formed. The opposite surface of the rod has a spherical curvature and 
serves as the acoustic lens. The transducers are excited by separate coherent pulses. Two 
acoustic beams pass down the rod and cross each other. They are brought to focus, after 
passing through the water couplant, at two ajacent points on the specimen surface. The 
distance between these two points defines in part the resolution of the instrument. After 
reflection from the specimen, the acoustic echoes are received by the transducers. In one 
mode of operation the echoes are electronically subtracted and amplified to obtain a 
differential amplitude output. A second operation mode entails passing the recived 
signals through a phase sensitive detector to obtain a differential phase output. A raster 
scan of the specimen point by point produces differential amplitude or differential phase 
images depending on the mode of operation chosen. 
One of the advantages of DBSAM imaging is that small differences in the 
reflectivity between the two foci can be enhanced and imaged. Such images are useful 
when dealing with fiber-matrix edges or the boundary between two joined materials. For 
situations where the reflectivity varies gradually, the differential amplitude mode of 
operation of the DBSAM can be used to enhance and image the small variations in 
reflectivity. 
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Fig.l. Dual beam scanning acoustic microscope lens. 
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CONTRAST IN DBSAM 
Generally, surface topography contributes to the contrast in acoustic microscopes. 
But surface topography dominates contrast in DBSAM because of the differential nature 
of the instrument. In a conventional SAM the contrast depends on the acoustic 
reflectivity of the specimen at two different points, but in DBSAM the difference in the 
reflectivity between the two foci which provides the contrast. The foci are circular spots 
whose size depends on the frequency of operation. When the frequency is low the spot 
sizes are large and there is some chance of overlapping of the spots. Since spot 
overlapping reduces the contrast, it is essential to keep the two foci from overlapping. 
The above arguments are valid when the lens is at focus, but when the lens is defocused 
the contrast mechanism is not as simple as in a conventional SAM. The contrast at 
defocus results from a mixture of the difference in the reflectivity, the overlap of the focal 
spots, and any additional contribution from surface wave propagation. 
In this paper we show that there is yet another factor which adds to the contrast of 
DBSAM: the diffraction effect or the acoustical cross talk between the transducers. This 
contribution can be explained with the help of Fig. 2. A plane wave emitted from 
transducer TRI will propagate down the lens rod, convert to a spherical wave at the 
interface between lens and water, and be brought focus on the specimen at a point FCI. 
After reflection from the specimen the wave propagates back to the lens. While most of 
the wave returns to TRI, diffraction causes part of the wave front to strike TR2. Similarly 
diffraction causes a plane wave from TR2 to also impinge on TRI after reflection from 
the specimen. Since diffraction effects are strongly dependent on frequency, we expect 
such effects to greatly influence signals received in the DBSAM at different frequencies. 
We explore here the contribution of diffraction to contrast in DBSAM. 
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Fig.2. Diffraction effect or acoustical cross talk in DBSAM lens. 
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EXPERIMENTS 
In the present studies we have used a DBSAM developed at Bio Imaging 
Research. The DBSAM is designed to work nearly at IGHz and with a resolution of 
approximately 1 Ilm. Information on the instrumentation and lens design has been 
described in detail in [7]. We have studied the frequency response of the DBSAM from 
750 MHz to 925 MHz. Because of the high frequency of operation the instrument is 
found to be quite sensitive to specimen surface topography. Although a deteailed 
experimental determination of its sensitivity to topography has not been carried out, we 
estimate from theoretical consideratons that the DBSAM is sensitive to step variations of 
the order of 20 A. 
Diffraction Effects in DBSAM (Acoustical Cross-Talk between the Trannsducrs) 
To study the effect of diffraction-induced acoustical crosstalk between the 
transducers, the frequency response of the lens was measured. A flat and polished sample 
of elastically isotropic E-6 glass was used in these measurements. All measurements 
were taken only when the sample was at focus. In these measurements one of the 
transducers was excited and the amplitude of the acoustical signals received by each 
transducer after reflection from the specimen was measured as a function of frequency 
from 750 MHz to 950 MHz. Figure 3 shows the lens response, amplitude of signal 
received at TR2 (when TRI is the signal transmitter) divided by the amplitude of the 
signal received by TRI and in the other case the amplitude of the signal received at TRI 
(when TR2 is the signal transmitter) divided by the amplitude of the signal received by 
TR2. It is seen that the lens response has two deep minima, the first at the transducer 
resonant frequency of 820 MHz and the second at a frequency of 925 MHz. The 
variation in the frequency dependence of the two curves indicates a lack of symmetry in 
the response of the transducers to the transmitted and received signals. Such asymmetry 
may be due, for example, to variations in the physical dimensions of the the transducers, 
the bonding of the transducers to the lens rod, or variations in the microstructure of the 
transducer material affecting the piezoeletric properties. The general features of the two 
curves, however, can be explained in terms transducer resonance response and in terms of 
diffraction effects. Details of the theoretical model is to be published elsewhere [8]. 
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Fig.3. Frequency response of the DBSAM lens. 
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Differential Phase DBSAM Ima~es 
To investigate whether the phenomena depicted in Fig. 3 have any influence on 
image contrast, DBSAM images of a silicon carbide reinforced titanium alloy composite 
were taken in the differential phase mode of operation at different frequencies. The 
specimen was lapped flat to optical tolerances (one wavelength of green light across the 
sample face) to minimize the dominant contrast due to surface topography and the active 
surface was polished to a finish of 0.25Ilm. The images taken at three different 
frequencies were obtained by keeping the lens at focus and scanning the same 0.5mm x 
0.5mm area of the specimen, under identical environmental conditions. At each 
frequency both transducers transmitted independent acoustic signals and received their 
respective reflections from the specimen. 
Figure 4 is an image obtained at 820 MHz, the resonant frequency of the 
transducers. The image has good contrast and is reasonably free of noise. As we scan 
from left to right we see at each edge the effect of phase differentiation. As the lens 
moves from the matrix into the fiber, the edge is bright and when the lens moves from the 
fiber into the matrix the edge is dark. This contrast reversal results from the fact that 
upon lapping the sample for flatness the difference in the hardness of the SiC fiber and 
titanium matrix material produces local variations in topography at the fiber sites. The 
contrast reversal is revealed in each image at every frequency and emphasizes the 
differential nature of the microscope. 
In Fig 5 we show the image obtained at 870 MHz. We observe that the contrast is 
deteriorating and that the noise level is quite high. One expects an improvement in the 
resolution and contrast in this image because the frequency is higher and reduces the 
overlap of focal spots. 
FREQ ENCY: R20 MHz 
FigA. DBSAM image of a Silicon carbide reinforced titanium composite at 820 MHz. 
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Fig.5. DBSAM image of a Silicon carbide reinforced titanium composite at 870 MHz. 
FREQUENCY: 925 MHz 150 pm 
Fig.6. DBSAM image of a Silicon carbide reinforced titanium composite at 925 MHz. 
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Figure 6 shows an image at a frequency of 925 MHz. The frequency is 100 MHz 
higher than the resonant frequency, so the signal to noise ratio is rather poor. 
Nonetheless, we get reasonable contrast in the image and the resolution is higher because 
of the higher frequency. The overlapping between the two foci is reduced compared to 
earlier frequencies and hence the differences should be highlighted. While we expect 
better contrast at 925 MHz than at 820 MHz, the better contrast is not realized because of 
the poor signal-to-noise. 
A survey of the images shown in Figs. 4-6 indicate that the images with the best 
contrast are obtained when the lens is operated at frequencies which produce minima in 
the lens response curve of Fig. 3. Since the shape of the curve is due in large measure to 
diffraction-induced cross talk in the DBSAM lens, we surmise that constrast is 
maximized when the diffraction effects are minimized at each of the transducers and 
when the tranducers are operated at their resonant frequencies to enhance the signal-to-
noise ratio. Theoretical arguments supporting this conclusion are to be published 
elsewhere[8]. 
CONCLUSION 
In this paper we have studied the frequency response of a DBSAM lens and have 
shown how the response influences the contrast in the images obtained using the 
differential phase mode of operation of a metal matrix composite. We have also shown 
that image contrast is strongly dependent on diffraction-induced cross talk between the 
transducers of the DBSAM lens system. 
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